ABSTRACT Vehicle mobile Internet of Things uses sensor technology, mobile Internet technology, and intelligent computing technology to effectively monitor and provide comprehensive services for vehicle operation status. It is an important part of building a smart city, making urban transportation more efficient, environmentally friendly, intelligent, and safety. In the vehicle mobile Internet of Things, when in-vehicle sensors are in communication with each other, they are often affected by factors, such as network mobility, transmission range, and signal interference. Therefore, in order to ensure the continuity of communication between nodes and improve the quality of network communication, this paper proposes a vehicle mobile Internet of Things coverage enhancement algorithm (PANM). First, we derive the probabilistic analysis model of communication duration by analyzing the functional relationship of vehicle initial velocity, acceleration, spacing distance, and communication duration. Then, under the premise of ensuring the communication duration, in order to improve the coverage of the vehicle mobile Internet of Things, the network overlap ratio is introduced in the probability analysis model. Finally, we improve the network coverage performance of omnidirectional radiation and fan-shaped radiation communication models of vehicle mobile Internet of Things by limiting the overlap ratio threshold. The experimental simulation results indicate that the PANM algorithm can reduce the packet loss rate of the vehicle network and have a shorter communication delay.
and Medical) band [7] , [8] , and DSRCs (Dedicated Short Range Communications) limit the wireless communication between vehicles within about 300m.
Many scholars already have certain scientific research achievements in the communication problem of vehicle mobile internet of things. Kumar et al. [9] proposed an agent learning-based clustering algorithm in vehicle mobile internet of things (ALCA). They take into account the high mobility of the vehicle mobile internet of things nodes, making it difficult for cluster heads to maintain normal communication with mobile nodes within their communication range. Therefore, this algorithm uses the base station deployed on the roadside as the agent unit to coordinate the inter-area vehicle intercommunication through the density and average speed information of the vehicle. Compared with the direct communication between vehicles, the ALCA algorithm is less affected by vehicle mobility, but deploying multiple base stations along the road requires a greater economic cost. Ucar et al. [10] proposed a vehicular multi-hop algorithm for stable clustering (VMaSC) for VMIT. The algorithm considers the relative mobility of vehicles and the average relative velocity between adjacent vehicles in the same direction and adopts multi-hop clustering method to increase the communication duration between cluster heads and cluster members. But the VMaSC ignores the analysis of the speed state and distance relationship between vehicles [11] [12] [13] .
However, the research work for enhancing coverage area of the vehicle network under the condition of guaranteeing the normal communication of vehicle internet of things area, which is still very rare. And with the continuous development of intelligent transportation system, the application demand of vehicle network is indispensable [14] , [15] . How to increase the network coverage to expand the scope of data collection and reduce the overlapping area to save network energy will become an important issue for vehicle network research [16] [17] [18] . As the more mature land-based wireless sensor network technology, the problem of network coverage enhancement has also become an important aspect of the study of terrestrial wireless sensor networks [19] , [20] .
In this paper, according to the communication distance limit under the DSRCs standard in the actual application scenario, we obtain a function of the vehicle communication duration by analyzing the vehicle speed relationship within the communication critical distance. In order to improve the robustness, this function includes the relationship between the distance and the duration of the vehicle in the variable speed state. When the communication between the vehicles needs to satisfy a certain time, the current distance between vehicles can be adjusted according to the function to ensure that the communication link will not be interrupted. In order to increase the coverage rate of vehicle mobile internet of things, we introduce the concept of vehicle network coverage overlap ratio and analyze the coverage overlap ratio of vehicle mobile internet of things under omnidirectional radiation and fan-shaped radiation communication models respectively. We derive the distance between the vehicles and the orientation angle of the sensors at the minimum overlap ratio of the two communication models and give a proof of this.
The second section introduces the vehicle IoT network communication model, mainly introduces two kinds of on-board sensor radiation models, namely omnidirectional radiation and fan-shaped radiation models. The third section introduces the PANM algorithm, which proposes a communication duration function equation to analyzes the moving speed and acceleration of the communication vehicle without interruption of the communication link, and proposes the network coverage enhancement method under the omnidirectional radiation model and the fan radiation model is proposed. Section 4 conducted experimental simulations and data analysis.
II. VEHICLE NETWORK COMMUNICATION MODEL
It is assumed that vehicles on the traffic lane need to communicate with each other, to obtain relevant data information of the other vehicle. Figure 1 shows a vehicle model with randomly distributed vehicles when the radiation methods of the vehicular sensor is an omnidirectional radiation. And figure 2 shows a vehicle model with randomly distributed vehicles when the radiation method of the vehicular sensor is a fan-shaped radiation. In both models, R represents the sensor's sensing radius, and L represents the spacing distance between two vehicles. Assuming that the vehicle network communication in the model adopts the DSRCs standard, the maximum communication distance is 300m. When the distance between vehicles exceeds 300m, the communication link is immediately interrupted [21] , [22] . In the model, the shaded area indicates the overlap area between the sensor sensing range of the vehicle. is divided into n intervals between the source vehicle and the target vehicle.
L i is a random variable with a logarithmic normal distribution, thus L i ∈ log N (µ i , σ i ), and the probability density function of the lognormal distribution is [23] :
The expected value E(x) and the variance V (x) are respectively:
L is approximately obey log normal [24] ,
Link loss is represented by Loss (L). As vehicular sensor uses wireless communication technology, when eliminating external interference, the attenuation of signal mainly considers the influence of link distance [25] :
where G l is transmitter antenna gain, G r is receiver antenna gain, h l is transmitter antenna height, h r is receiver antenna height. We assume that the maximum loss threshold that the link can tolerate in the communication model is TL, and the probability distribution function of the link loss allowed in the communication is:
III. PANM ALGORITHMS A. COMMUNICATION DURATION FUNCTION
Since the DSRCs standard communication distance is limited to 300m, the 300m vehicle spacing distance is the critical point for communication link disruption [26] , [27] . Let the initial interval between the source vehicle and the target vehicle be L 0 (0 < L 0 < 300m). When the communication distance is not yet near the critical point, the vehicle is uniformly accelerated or uniformly decelerated, the initial speed of the source vehicle is ν 0 and the acceleration is a 0 . The initial speed of the target vehicle is ν 0 and the acceleration is a 0 . The function representation of communication duration is:
Assuming that the required communication duration between vehicles is t 1 , the spacing distance L in this communication needs to satisfy −300 ≤ L ≤ 300, that is, whether the time t when converting the problem to L = −300 or L = 300 satisfies t ≥ t 1 or not, the function representation of communication duration when L = 300 is
In order to satisfy the expression (7), the initial velocity and acceleration between the source vehicle and the target vehicle have the following relations:
And the corresponding time t is satisfied
When L = −300, the function of communication duration is expressed as
In order to satisfy the expression (10), the initial velocity and acceleration between the source vehicle and the target vehicle have the following relations:
And the corresponding time t is satisfied:
Lemma 1: The communication duration t can be expressed as the square root function of L 0 .
Proof: The source vehicle's driving distance function is:
The target vehicle's driving distance function is:
We can get the quadratic equation:
Therefore, the solution of t is converted into the square root function of L 0 , which can be proved. Lemma 2: a+ √ b + cL 0 submits to lognormal distribution. Proof: Find the probability distribution function of (a + √ b + cL 0 ) ≤ N :
Given that L i is a random variable with log-normal distribution, therefore a + √ b + cL 0 obeys a lognormal distribution. Lemma 3: Communication duration t submits to lognormal distribution.
Proof: Lemma 1 can prove that t can be expressed as the square root function of L 0 , Lemma 2 can prove that the square root function of L 0 submits to the lognormal distribution, so Lemma 3 holds.
The maximum communication duration t can be obtained from the initial velocity, acceleration, initial spacing distance and the maximum separation distance of the source vehicle and the target vehicle. And the size relationship between t 1 and t is judged according to the required communication duration t 1 between vehicles. When t 1 > t, the strategy of adjusting the acceleration is adopted to increase t to satisfy t 1 ≤ t, thus ensuring that the link will not be interrupted during communication.
B. NETWORK COVERAGE ENHANCEMENT
It is known that the required communication duration between the source vehicle and the target vehicle is t 1 and the sensing radius of the sensor is R(R > 300). The overlapping ratio within the sensing range of the vehicular sensor is indicated by η, that is, the ratio of the overlap area between the source vehicle and the target vehicle to the total area covered. In the model at Figure 3 , the closer the communication interval between vehicles is, the greater the overlap ratio is, and conversely, the longer the communication distance, the smaller the overlap ratio is. But it needs to ensure that the communication distance cannot exceed 300m. In the model of Figure 4 , the overlap ratio is reduced by properly adjusting the orientation of the vehicle sensor without breaking the communication link. Figure 3 is a model for the specific analysis of overlay of vehicular sensor on the basis of Figure 1 . Where a is source vehicle, b is target vehicle, the spacing distance between a and b is represented by χ, the overlapping area of the a and b radiation ranges is the coverage overlap area of the current network. Let l be the coverage length, which represents the spacing distance between the two points that are the furthest apart in the overlapping area, and they are located on the straight lines between aandb. Assuming that the overlapping area between a and b is S ab , the calculation method of S ab can be converted to the method of calculating fan-shaped area minus the area of triangle by means of average segmentation. As shown in Figure 3 , when the fan-shaped radius is r, the area of S ab can be obtained:
1) OMNIDIRECTIONAL RADIATION COMMUNICATION MODEL
The overlapping ratio η = S ab πR 2 can be obtained. The relationship between the radius r and the radius θ of the fan-shaped is r = 1 2 l + r · cos θ , and the relationship between the covering length l and the spacing distance χ between a and b is l = 2R − χ . That is:
Since the distance χ between a and b satisfies 0 < χ < R, so for a fan-shaped, θ can be obtained as cos θ = χ 2R . Substituting cos θ = χ 2R and Eq. (18) into Eq. (17), the relation between the overlap ratio η and the spacing distance χ can be obtained as:
When communication between a and b continues until a certain time t(t ≤ t 1 ), by substituting Eq. (19) into Eq. (20) :
The overlap ratio at a certain time t can be obtained.
As can be seen from the Eq. (19) , when the communication link is not interrupted, the greater the spacing distance χ between a and b, the smaller the overlap ratio η is. Set an overlap ratio threshold η Threshold , the overlap rate threshold is determined by the user. When η > η Threshold , proper adjustment of the spacing distance between vehicles, so that η is less than η Threshold . Since the maximum spacing distance between a and b is χ = 300m, when the spacing distance between a and b always stays at 300m, the overlap ratio η remains the minimum during communication. When the distance between the two vehicles is greater than the sensor sensing radius χ, although the overlap ratio is smaller, the communication link between the two vehicles will be disconnected. Figure 4 is a model for the specific analysis of the overlap ratio of the vehicle network in a fan-shaped radiation pattern. The sensors on the source vehicle and the target vehicle are expressed in points a and b respectively, and the spacing distance between a and b is expressed by χ. The radiation range angle of the vehicular sensor is α, and the coverage area of a and b are respectively represented by A and B (both are equal in area). Due to the irregularities in the overlapping regions A and B, the method of covering grid is used here to calculate the coverage area, as shown in Figure 4 , N and M denote grids with N rows and M columns, respectively. That is, the coverage area of a is divided into N × M grids. We can get the overlapped area of A and B by calculating the area of each grid covered by the overlap area. Let a grid (k, q) of a k(k ≤ N ) row and q(q ≤ M ) column be in the overlapping area, and the area of the grid can be obtained as follows:
2) FAN-SHAPED RADIATION COMMUNICATION MODEL
Let S ab be the sum of the areas of all the grids in the coverage area, then η = 2S ab αR 2 . Some grids are only part of their own area in the coverage area, but in calculating the area of these grids is to calculate the total area. So there is a certain error between S ab and the actual overlap area. For this problem, we can reduce the error by increasing the number of N × M grids in the calculation. When the calculated overlap ratio η appears in the case of η > η Threshold , in addition to the measures taken to increase the spacing distance χ without any interruption of the link, the coverage overlap area can be reduced more effectively by adjusting the radiation direction of the vehicular sensor b. Taking the vehicular sensor b in Figure 5 (a) as an example, at this point η > η Threshold , calculate the arc length of b to the fan-shaded area A, the radius of both ends and the shortest distance of point a, as the straight lines h 1 , h 2 , h 3 and the spacing distance χ, respectively. The shortest distance to the arc length is the Euclidean distance between these two points when the straight line starting from point b is perpendicular to the tangent of a point on the arc. We assume that when the radiation range angle α of the sensor b is divided equally by the straight line h 1 , h 2 , h 3 , and χ, which starting from pointb, respectively, in this case, the coverage overlap areas of A and B are respectively S(h 1 
), S(h 2 ), S(h 3 ), and S(χ ).
Lemma 4: For an arc length and the radius of the ends forming the perimeter of fan-shapedA, when the rotation range of the radiation direction of the sensor b is limited to the left end radius ofA, as shown in Figure 5 (b), S(h 2 ) is the minimum coverage overlap area that can be obtained in this case.
Proof: Making a straight line O passing through point b and perpendicular to the left end radius, the shortest distance h 2 from point b to the radius can be used as all the height of the overlapped area formed by the different radiation directions of b within the radius of the left end in Figure 5 (b), and the overlaying areas can be classified into two categories, one is the vertical O which passes the overlapping area, as shown in the example in Figure 6 ; the other is that the vertical O does not pass the overlapping area, as shown in Figure 7 . We assume that there are i kinds of cases where the vertical O passes through the overlapping area, taking Figure 6 as an example, let the vertical O divide the angle α into β and α−β. The area of any one of the i − 1 cases covering the overlapped area is:
When α is just divided equally by the vertical O, the area of overlay area at this time is S(h 2 ):
We assume that there are j kinds of cases in which the vertical O has not been passing through the overlapped area. Taking Figure 7 as an example, supposing the vertical O and the area B are separated by an angle φ, the area covering the overlapping area is:
Since the tangent function is an increasing function in any continuous interval, we can get:
It can be proved. Similarly, we can prove that S(h 1 ) and S(h 3 ) are the smallest overlapped areas when the rotation range of the radiation direction of the sensor b is only limited to the upper and right end radius of the A arc length, respectively. Then calculated the overlapping area S(χ ) when the radiation range angle α of sensor b is just split by the straight line χ which starting from the point b. At last, compare the sizes of S(h 1 ), S(h 2 ), S(h 3 ), and S(χ) to get the smallest overlap area. We assume that the calculated result is S(h 1 ) < S(h 2 ) < S(h 3 ) < S(χ ), S(h 1 ) is the minimum coverage overlap area. That is, when the overlap ratio is η > η Threshold , in order to reduce the overlapping coverage as much as possible, the radiation direction of the sensor b is adjusted to the direction when the angle α is just divided by the straight line h 1 starting from the point b.
IV. EXPERIMENTAL SIMULATIONS AND ANALYSIS

A. PERFORMANCE EVALUATION INDEX 1) AVERAGE PACKET LOSS RATE
The average packet loss rate is an important indicator to measure the data transmission efficiency of the vehicular network. The smaller the packet loss rate is, the higher the reliability and effectiveness of the in-vehicle network data transmission [28] . The average packet loss rate γ is defined as: M Packet represents the total number of packets sent by the source vehicle, and K Packet represents the total number of packets that the target vehicle has successfully received.
2) TRANSMISSION DELAY
The time delay is a universal problem in the vehicular network, due to the high mobility of vehicle network, the degree of delay is more serious than that of other static networks [29] [30] [31] . The smaller the time delay, the vehicle network is of higher value in the application. Transmission delay t Packet is defined as the current time at which the target node received the data minus the initial time at which the source node sent data.
3) RECEIVE THE TOTAL AMOUNT OF DATA PACKETS
When the vehicular network carries on the collection of road environment data, the total amount of data packets that the target node finally gets is an important index to evaluate the efficiency of the vehicle network task execution [32] , [33] . The total number of received packets P total indicates the number of packets received by all destination nodes after the simulation.
B. EXPERIMENTAL METHODS AND PARAMETERS
In the experimental part, we use the network simulation tool NS-2 to build a simulation scene, the driving data in the experiment process adopts the method of random extraction. For example, in this experiment, we randomly selected the driving data of Xiaogang area and Shayuan area of Guangzhou, China. The road scene has a large traffic volume, a large number of forked sections, and a complex vehicle environment, which has a certain representative value as a test scenario for vehicle network simulation. Vehicle information statistics are as follows:
We use the vehicle trajectory generator VanetMobiSim to simulate the vehicle trajectory. VanetMobiSim is an extension of CanuMobiSim for vehicle mobile application, it can define vehicle trajectory and generate vehicle trajectory trace files needed for VMIT simulation. The final simulation result of the experiment is the average of 100 test results. Among them, the comparison algorithm introduced in this paper is a high mobility vehicle mobile internet of things (LDPR) based on improved path duration proposed by Oliveira [34] and an adaptive vehicle mobile internet of things based on adaptation method (AID) proposed by Bakhouya [35] . And the simulation conditions of all the algorithms are consistent in the experiment. The LDPR algorithm improves the communication duration of the path, reduces the probability of communication interruption, and improves the network communication efficiency by improving the network topology. The AID algorithm uses an adaptive data broadcasting method to reduce data transmission delay, reduce redundant data, and improve communication efficiency. The method of this article is to improve network communication efficiency by covering enhancements and solving the best communication durations. The LDPR algorithm is similar to the research method in this paper, and they all pay attention to the issue of communication duration. And the AID algorithm is different from the method of this paper, but all have the purpose of improving VMIT network communication efficiency. So in the experiment, we use the LDPR algorithm and the AID algorithm to compare with our algorithm respectively, more to highlight the performance advantages of our algorithm. Figure 8 (a) and (b) shows the average packet loss rate during VMIT simulation under different numbers of vehicles. As can be seen from the figure, as the number of vehicles increases, the average packet loss rate gradually decreases. Combined with data analysis in the figure, the VMIT network has higher communication interruption probability than other networks due to the high-speed mobility and the moving direction of the VMIT network. When the number of vehicles increases, the number of candidate next-hop nodes that can be selected within the communication range of vehicle nodes increases, they can choose to transmit data packets to the nodes closer to them to increase the communication duration, thus reducing the probability of interruption. The probabilistic analysis method adopted by PANM can effectively calculate the relationship between the speed and the communication duration of the source vehicle and the adjacent vehicles so that the source vehicle can select the next-hop node that meets the requirement of the communication duration as much as possible to transmit data and reduce the communication interruption probability. LDPR algorithm adopts the principle of recent communication when the vehicle density is small and adopts the principle of optimal direction when the density is large. Although the current path of the selected next-hop node and the source node is optimal, it lacks the correlation analysis between the speed and the communication duration. Because the variability of the speed of the next-hop node, it cannot guarantee that the communication time can reach the required time for successful data transmission. AID algorithm has no specific analysis of the communication interruption time, and the packet loss rate caused by communication interruption is greater. ) shows the data transmission delay under the different number of vehicles. As can be seen from the figure, the delay time gradually decreases as the number of vehicles increases. When the number of vehicles is small, if there are no adjacent vehicles in the communication range of the source node, it needs to travel a certain distance, and data can be forwarded only when there is an adjacent vehicle. In this case, the transmission delay time is relatively large. And when the number of vehicles increases, the number of neighbor nodes in each vehicle node's communication range will increase, thus reducing the time to find neighbor nodes and reducing the delay time. When the vehicle reaches a certain number, each vehicle node at the same time has a neighbor node. At this point, even if the number of vehicles continues to grow, the delay time is no longer affected by the time of finding the neighbor nodes, which mainly depends on the routing strategy adopted by the algorithm. When adopting the routing strategy, the probability of communication interruption is large, the time consumed in data retransmission will increase, and the delay time will also increase, therefore, with the data in the figure, it can be seen that each algorithm is affected by the increasing number of vehicles; the delay time of vehicle communication is reduced. Among them, the PANM algorithm has a better communication persistence mechanism, with fewer delays and fewer retransmissions caused by interrupts. Figure 10 (a) and (b) shows the total number of data packets received by the target vehicle under different vehicle numbers. After the target node receives the data of the source node during the simulation, it randomly selects the source node and the target node again until the end of the simulation. As can be seen from the figure, PANM algorithm receives more packets in total. This is because the PANM algorithm minimizes the overlapping ratio of the sensing range of the nodes by using the coverage enhancement method while ensuring the communication duration so that more data can be received than the LDPR and AID algorithms. 
C. EXPERIMENTAL SIMULATION RESULTS
V. CONCLUSION
In order to make the vehicle mobile internet of things enhance the network coverage while ensuring the continuity of communication, we propose the PANM algorithm by analyzing the relationship between vehicle speed status, communication duration and network coverage under two common vehicle communication models. The PANM algorithm first analyzes the vehicle spacing distance through a variety of motion conditions between the source vehicle and the target vehicle in communication and obtains the communication duration function. Secondly, under the premise of ensuring the required communication time, we analyze the network coverage of the communication model. We use the method of increasing the distance between the nodes and adjusting the direction of vehicle sensors to improve the network coverage. In the simulation experiment, it can be seen from the comparison of the cases that the PANM algorithm is used or not, respectively, we can see that the PANM has a certain effect in enhancing the coverage of the vehicle mobile internet of things. ZEMIN QIU was born in Guangdong, China, in 1983. She received the bachelor's degree from the Guangdong University of Technology, in 2007, and the master's degree from Sun Yat-sen University, in 2011. Since 2013, she has been a Lecturer with the Department of Information Science, Xinhua College of Sun Yat-sen University. She has published seven papers and holds one patent. Her research interests include machine learning and intelligent algorithms.
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